The advent of highly stable iron complexes which are useful in plant nutrition and agriculture (9, 16) has led to a renewed interest in the study of iron nutrition, particularly in lime-induced chlorosis. However, the investigator soon faces the problem of the comparative iron status of green and chlorotic leaves. Some investigators have found less iron in chlorotic than in green leaves and have demonstrated a good correlation between iron and chlorophyll contents (8, 15, 18) . But also, it has been found that chlorotic leaves may contain as much or more iron than comparable green leaves (7, 11, 19) . Brown and Hen- dricks (2) state that the concentration of iron in plant tissues has not been a satisfactory index of deficiency. Consequently chlorosis is frequently considered to involve more than a simple iron deficiency. Leeper (10) has summed up this view in the following statement with reference to lime-induced chlorosis.
"Either the iron enters the plant in a less useful form than normal, or something goes wrong with the reactions of iron inside the plant growing on certain soils. The latter seems more likely."
Although Iljin (7) did not believe lime-induced chlorosis to be due simply to a deficiency of iron, he 1 Receiv-ed December 6, 1955. and others have pointed out that many if not all of the observed changes in the composition of chlorotic plants are consequences and not causes of chlorosis. De Kock and Hall (4) have examined the chlorosis occurring in variegated plants and that caused by virological or pathological causes and found the same high phosphorus-iron and low calcium-potassium ratios as is found in other forms of chlorosis. Probably the only major reason that simple iron deficiency has not been generally accepted as the cause of ehlorosis is dcue to the continuing reports that as much or more iron may be present in chlorotic leaves as in comparable green leaves.
Some time ago, it was pointed out that surface contamination of leaves with iron might account for the reported lack of correlation between iron and chlorophyll contents (8) and it was suggested that adequate washing of leaves was of great importance in obtaining positive correlations. Since then, thorough washing has become more or less a general procedure but conflicting results are still being reported. Thus it would appear necessary to establish definitely whether iron chlorosis is caused directly by lack of iron or by more complex phenomena involving metabolic disarrangements.
In a study of the absorption and translocation of ethylenediamine tetraacetic acid, Weinstein et al (19) reported that sunflowers grown at pH 7 (3) indicates that this element is probably essential. Sturfaces in contact with the nutrient solution were painted with asphaltum varnish or Amercoat paint (Amercoat Corporation).
After harvesting, the fresh material was separated into various plant parts and each fraction weighed. The leaf samples which consisted of several leaves of similar age and appearance were carefully washedl in a 2 % solution of Dreft detergent and rinsed with distilled water. The washed samples were driedl at 650 C in an oven with forced ventilation. After (drying, the material was weighed and ground using a glass mortar and pestle. Contact with iron or iron containing substances was avoided at all times. In those cases where chlorophyll was to be determined, samples were removed prior to the washing and the chlorophyll determined within a short period of time.
Total iron was determined colorimetrically by the ortho-phenanthroline method after ashing a suitable amount of the ground material with redistilled concentrated H2SO4 and iron free 30 % H202 (8) .
Samples (about 2 gm) for chlorophyll determination, obtained from the fresh unwashed material were weighed and ground with washed sand using a pinch of CaCO3 and a few ml of acetone. of chlorophyll a and b published by Mlackinney (12 (19) .
As can be seen from the data of In a general way the higher the iron content, the higher the chlorophyll content of the initial samples. A closer correlation was not obtained possibly because of the erratic nature of the small amount of iron contamination present and the long time interval between taking the first and last samples. Even in a most general way, there was no relation between the iron and chlorophyll contents in the final samples. The recently matured leaves were all high in chlorophyll content and contained widely differing amounts of iron. The older leaves which would correspond to the recently matured leaves of the initial samples also contained varying amounts of iron. These older leaf samples had lesser amounts of chlorophyll than the final recently matured leaves indicating that they had not completely recovered from ehlorosis. The abnormally high iron values, previously observed, appeared possibly after a 2-day interruption and certainly after a 3-day interruption of the iron supply. The iron contents reached a peak in those plants subjected to a 12-to 14-day minus iron treatment. Four weeks after the end of the minus iron treatment, the iron and chlorophyll contents of recently matured leaves from plants whose iron supply was interrupted for 2, 3 and 4 days were examined. The chlorophyll content of these leaves which had developed some time after the iron supply was resumed varied from 0.799 to 1.28 % and the iron content varied from 44.7 to 73.5 ppm. By this time, an essentially normal relationship between iron and chlorophvll contents had been reestablished.
In the above experiments, the accumulation of iron and the irreversibility of chlorosis occurred in plants growing in solutions in which Fe EDTA was used as the source of iron. A check experiment using FeSO4 gave very similar results, indicating that these effects are related to iron per se and are not peculiar to the complex. DISCUSSION A lack of relationship between iron and chlorophyll contents was demonstrated by Weinstein et al (19) using greenhouse grown sunflowers. However, in our hands, similar experiments gave rise to plants showing a good correlation between iron and chlorophyll contents. Evidently some factor of which neither we nor they were cognizant was involved.
Even though nutrient solutions were changed every other day in the first two experiments described here, quite large and rapid changes in the pH of the nutrient solutions were observed. The changes were caused by selective absorption of ions by the roots and were related to general growth factors. Changes in pH affect the availability of iron when supplied as FeSO4. At high pH, rapid oxidation and precipitation occurs. At low pH, iron is brought into solution. This behavior would be particularly prominent in the pH 7 cultures. In our experiments, an attempt was made to minimize the pH changes by frequent adjustment between renewals of the nutrient solution. Even with adjustment, pH decreases of a unit or more were occasionally observed in the pH 7 The increased iron content resulting from a temporary interruption of the iron supply is not confined to chlorotic tissue only. It is found in the green leaves and green parts of semi-chlorotic leaves. Analytical data and autoradiographs with radioiron show no detectable differences in the amount of accumulation in green and chlorotic tissues. Presumably, the roots temporarily acquire a high capacity for the absorption of iron after being subjected to a minus iron treatment. This behavior is somewhat comparable to the enhanced uptake of salts exhibited by excised low salt barley roots. The high iron content of the leaf is similar to the "luxury consumption" of nutrients observed in foliar diagnosis.
In addition to the increased iron accumulation another equally important factor which may destroy the correlation between iron and chlorophyll contents is the observation that chlorosis tends to be irreversible except possibly in very young leaves. Slight or mild chlorosis shows good recovery on the addition of iron but more severely chlorotic leaves are incapable of turning green or at best do so only partially (13) .
When plants havingf chlorotic leaves were placed in solutions containing iron, the iron content of the leaves increased considerably but the yellow leaves never became completely green again except in cases of very mild chlorosis.
The inability of severely chlorotic leaves to recover completely may best be explained on the basis that iron is essential, directly or indirectly, for the production of chlorophyll and a deficiency of iron irreversibly damages the producing mechanism. Iron deficiency has been reported to change the relative activities of some plant enzymes (2) . In green leaves, a considerablv larger proportion of the nitrogen is present as protein nitrogen than in the case of chlorotic leaves (6) , due perhaps to a direct relation between iron and protein synthesis or to a decrease in protein synthesis brought about by a reduced rate of photosynthesis in chlorotic leaves. Good correlations have been fotund between iron and protein contents as well as between iron and chlorophyll contents (1).
Since one-third to one-half of the leaf protein is contained in the chloroplasts (14) , large differences in protein content should involve the chloroplasts. When green and chlorotic sugar beet leaves w^ere compared, fewer and smaller chloroplasts were present in the cells of the chlorotic leaf. If replacement of the disintegrated chloroplasts does not occur or occurs to a limited extent, then the leaf would be unable to recover completely from chlorosis. It is interesting that nearly a hundred years ago, Gris concluded that chlorosis was characterized by an imperfect development of the chloroplast caused by lack of iron salts (5) .
A deficiency of iron may therefore progressively impair the chlorophyll producing mechanism to the point that chlorophyll synthesis is limited not by the amount of iron in the leaf but by the inability of the leaf to produce chlorophyll. According 
